(WITH THREE FIGURES) In research problems in plant physiology, it occasionally becomes desirable to make a considerable niumber of quantitative determinations of chlorophyll. The method by which this is done should be one that is speedy, open to a minimum of error, and not so unwieldy as to be difficult for the general botanist to employ. Many methods for determining the amount of chlorophyll present in leaves or in solutions have been suggested, but only two have been found to be of sufficient accuracy to permit a quantitative comparison with the results of other workers. SCHERTZ (2) has described the colorimetric and the spectrophotometric methods, and has shown the percentage of error prevalent in each.
(WITH THREE FIGURES) In research problems in plant physiology, it occasionally becomes desirable to make a considerable niumber of quantitative determinations of chlorophyll. The method by which this is done should be one that is speedy, open to a minimum of error, and not so unwieldy as to be difficult for the general botanist to employ. Many methods for determining the amount of chlorophyll present in leaves or in solutions have been suggested, but only two have been found to be of sufficient accuracy to permit a quantitative comparison with the results of other workers. SCHERTZ (2) has described the colorimetric and the spectrophotometric methods, and has shown the percentage of error prevalent in each.
The colorimetric method depends on the ability of the eye to match depths of color, an operation in which the human eye is notoriously inefficient. In addition, this method does not adequately determine slight differences in color, the limit of sensitivity and accuracy being two decimal places.
The spectrophotometric method depends on measuring the -width of the absorption bands of chlorophyll in the red end of the spectrum. This method is neither speedy nor practical for making a considerable number of determinations, since for each determination a separate spectrophotograph muLst be taken, which requires considerable time. In addition, an expensive spectrograph is necessary, and the aid of an expert physicist is advisable for correctly interpreting the photographs. Like the colorimetric method, it is possible to ascertain concentrations of chlorophyll only to two decimal places.
The purpose in developing the instrument here described was to eliminate the possibilities of personal error in observation, to detect more minute differences than is possible by the preceding methods, and to make the quantitative determination of chlorophyll an easier and simpler process. This instrument will detect differences of 5 mg. between samples, and has a maximum error of 9 per cent. at the lower concentrations and a minimunm error of 2 per cent. at the higher concenitrations, which errors in most cases affect onlly the third decimal place. Figures 1 and 2 currenit emitted, and which emits a current in direct proportion to the light eniergy absorbed on its face (over rather wide limits) is employed. This cell is mounted upright in a UX type radio socket, 15 cm. from a 2-candlepower, 6-volt automobile bulb fitted with a small reflector. A rheostat to vary the light intensity is connected in series with a well-charged 6-volt storage battery and the small automobile lamiip. The position of the lamp is so adjusted as to place its center directly opposite the center of the face of the photoelectric cell. The current einitted by the photoelectric cell when exposed to light is measured by a microamimeter with a range of 0-200 microamperes, which is connected to the leads of the UX type socket into whiclh the cell is fitted. Between the cell and the lamp a sliding panel of thick wood is interposed, with a 1.5-inch hole bored through it on a direct line witlh the center of the lamp and the photoelectric cell, so that the light from the lamp is allowed to pass through and strike upon the face of the cell.
On one side of this sliding panel a 2-inch square light filter, transmitting 5600-7000 A. (Corning Lantern shade yellow, no. 349), is mounted over the hole in the panel. By this means the light from the lamp is all converted to those wave lengths which WURMSER (5) and others have shown to be most strongly absorbed by chlorophyll. The red light is then passed through a small glass absorption cell fitted flush to the panel in a groove on its other side. This absorption cell has an inside thickness of 1 cm., so that the red light passes through a 1-cm. layer of liquid when the cell is filled.
To take a reading, the absorption cell is first filled with distilled water and the light switched on. The intensity of the light on the face of the photoelectric cell is rapidly adjusted by means of the rheostat so that the needle of the microammeter swings to exactly 900 microamperes, the maxim11um11 of the meter. Speed is essential in doing this, since even a small lamiip is sufficient to "run down" the battery enough to cause an appreciable change in the light intensity of the bulb. Although this change is not visible to the eye, it is apparent upon the dial of the meter. When the light intensity has been satisfactorily adjusted, so that the needle of the meter will swing back to the maximum each time the light is switched on, the light is turned off and the absorption bottle filled with the water solution of potassium chlorophyllin to be measured. The light is switched on, and the decrease in the light intensity transmitted, due to the absorption of light by chlorophyll and measured by the microammeter, is observed. If purely comparative results are desired, the readings obtained will give an accurate mleans of comparison,-the smaller figures representing the greater absorption and hence the greater concentration of chlorophyll. 
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PLANT PHYSIOLOGY (4) , with more recent modifications suggested by SCHERTZ (3) and MORROW (1) . Since several slight alterations in procedure have been made, the method is briefly outlined as folloWs:
The leaves are cut as free of petioles as possible, and their fresh green weight determined. They are then dried in an electric oven at 370 C., pulverized in a mortar, and the powder further dried to expel any remaining moisture. The time required for complete drying varies with the thickness of the leaves,-in most cases three or four days will suffice. The dry weight is then taken and the percentage of solid matter determined. One-half gm. of the dry leaf powder, which amount requires less solvent and is more completely extracted in a shorter time than a larger amount, is placed in a Soxhlet siphon extra.ctor, and continuously extracted for 24 mieroammeter reading It must be emphasized that it will be necessary for each investigator to calibrate his own instrument and find his own ideal curve and equation, since no two photoelectric cells are exactly alike in their sensitivity to different wave lengths of light, or to different intensities of the same wave length. The purity of the chlorophyll samples used in calibration will also affect the constant k. In any case, however, the calibration curve will be an hyperbola, which approaches the x and y axes asymptotically, but the eccentricity depends on the constant k, and will vary according to the cell and the purity of the chlorophyll used in calibration.
Since 0.5 gm. of dry leaf powder has been used for extraction, the amount determined in the instrument is multiplied by two, which gives the amount of chlorophyll in 1 gm. of leaf powder. To refer this figure back to the green leaf material, it is multiplied by the percentage of solids in the green leaf, which has been determined when the leaves were dried. By dilution of the sample being determined, averaging the results after making allowance for the dilution will give a much more accurate figure than a single determination on each sample.
The instrument is not limited in its use to the quantitative determination of chlorophyll. It may be employed to match colors of dyes and to replace colorimetric methods now in use in many quantitative determinations. It can also be used to make certain qualitative color reactions qua'ntitative, by employing light filters whose range corresponds to the strongcest 325
